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Pumping rate will be low so that undue friction pressures are not exerted on the formation open at 
the perforations; the volume to be pumped will be on the order of 700 bbls. 

3.0  Planned External Mechanical Integrity Test(s) 

GCS will conduct at least one of the tests listed in Table 3.1 to verify external mechanical integrity 
prior to plugging the injection well as required by 40 CFR 146.92(a).    

3.1 Procedures that will be followed for each type of test 

At the end of injection activities, the (internal test) pressure test can be performed with the tubing 
in-place, still connected to the packer.  The pressure inside the 9-5/8” long string casing can be 
increased to a value above the standard pressure applied during injection.  The other tests require 
that the tubing be pulled out of the way.  The logs will be run inside the long string. 

3.2 Gauges and/or other equipment  

Injection of CO2 is expected to occur at a surface pressure of 1950 psi, and the tubing/casing 
annular pressure is expected to be 100 psi greater, or 2050 psi.  These pressures can easily be read 
on 0 – 3000 psi or 0 – 5000 psi gauges.  The pressure test (3rd listed on table, below) could be 2200 
psi, again measured with 3000 psi or 5000 psi rated gauges. 

3.3 What constitutes a “pass” or “fail” for each test? 

Cement bond log(s):  significant (negative) deviation of the cement quality from the first cement 
bond logs run during well construction will provide an alert about this important external barrier 
between injection and underground sources of drinking water (USDW), but it is not necessarily a 
“fail”.  “Fail” will present itself if the subsequent acoustic log reveals moving fluids in the 
cemented space.  “Pass” will be the result if the acoustic log does not detect fluid movement. 
The pressure test and optional casing caliper log will “fail” the long string if pressure does not hold 
at the applied test value, or if the caliper log reveals substantial corrosion/erosion which has 
decreased the wall thickness enough to likely result in a hole.  “Pass” will be the opposite, a 
pressure test that holds steady, and a caliper log which does not reveal a condemning loss of wall 
thickness.
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The density difference between the work fluid and fluid cement will not cause disruption to the 
placement of cement, because the major component of water is incompressible, a barrel in leads 
to a barrel out.  It is simply measurement of lengths, diameters, and volumes followed by math. 
An example of the first P&A plug will be shown below.  The dimensions are for the 9-5/8” long 
string with 8.535” i.d.  Assumes zero wall thickness loss; see earlier explanation how this value 
will be updated as needed.  The work string is intended to be a very-commonly used 2-7/8” 7.90 
lb/ft tubing found on most workover rigs. 
Salt can be an accelerator to the hydration process of cement, and it is possible that the work fluid 
might contain salt if it is made from the packer fluid used during the injection activities.  To prevent 
cement from coming into contact with any salt in the work fluid, a fluid spacer containing no salt 
is pumped (“in the space”) between cement and the work fluid.  The standard cement plug 
placement thus consists of pumping accurate amounts of each of these three (3) fluids:  spacer, 
cement, work fluid. 

Notes about plug placement: 

• Tubing work string joints are typically 30’ long; the safest manner in which to pump fluids 
down the work string is to have the top of the top joint be located 3’ – 4’ above the rig 
floor, so that the cementing head and hoses can be easily connected by 5’ – 6’ tall 
personnel.  The desired setting depth of a cement plug (e.g.   10,970’ for the example used 
here) is rarely equally divided by 30’, so the real-world depth will be whatever the tubing 
work string measures, minus the 3’ – 4’ above the rig floor, as close as it can get with full 
numbers of joints. 

• Calculations to determine cement volume are performed first in barrels, then converted to 
ft3, and finally ordered as no.   of sacks from the cement supplier.  In practice, a calculation 
resulting in 152 sacks of cement required will normally be rounded-up to the next-highest 
unit of ten (10), in this case, 160 sacks.  There is always some cement lost during delivery 
to location, and also some cement lost during mixing, so the volume tends to be rounded-
up. 

• The desired top of cement (T.O.C.) may be, for example, 500’ above the bottom of cement.  
By rounding-up the cement volume number, the calculated TOC may be higher than the 
perfect scenario of 500’.  In reality, the spacer and cement are traveling face-to-face inside 
a tube for more than two (2) miles, and there will be some mixing.  The interface between 
the spacer and cement normally leads to a certain amount of contaminated cement, which 
does not attain the desired properties of compressive strength/hardness.  For deep-set 
cement plugs, it is very common to find the top 2 – 3 bbls of cement contaminated, even 
after WOC for a lengthy period of time.  This contaminated cement can be circulated out 
of the wellbore prior to setting the next cement plug; it will be a viscous fluid.  While 
performing this circulation, the work string tubing can be used to “tag” (i.e. land upon, 
touch) the hardened part of the cement plug. 

Following are the calculation results for placement of the bottom P&A cement plug for the subject 
well.
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